Abstract: During the Ebola outbreak, mortality reduction was attributed to multiple improvements in supportive care delivered in Ebola treatment units (ETUs). We aimed to identify high-priority supportive care measures, as well as perceived barriers and facilitators to their implementation, for patients with Ebola Virus Disease (EVD). We conducted a cross-sectional survey of key stakeholders involved in the response to the 2014-2016 West African EVD outbreak. Out of 57 email invitations, 44 responses were received, and 29 respondents completed the survey. The respondents listed 
Introduction
Ebola Virus Disease (EVD) is a febrile illness that often leads to gastrointestinal fluid losses and complications of hypovolemia, including renal dysfunction, metabolic acidosis, and organ dysfunction [1] [2] [3] [4] [5] . The optimal clinical care of these patients includes supportive care to prevent and manage organ dysfunction [2, 3] , which in turn requires adequately staffed and resourced Ebola treatment units (ETUs) with appropriate infection prevention and control protocols. During the 2014-2016 West Africa EVD outbreak, the provision of supportive care varied across ETUs and over time. While previous reports identified factors that motivated or hindered the mobilization of health professionals [6, 7] , there were no clinical practice guidelines on a core set of supportive care measures that should be guaranteed to all patients treated in ETUs.
While the overall mortality rate reached 92% in the early phase of the outbreak (August-September 2014) in one country, the rate was 67% for those admitted to ETUs [8] . The observed mortality reduction has been attributed to earlier patient presentation, but also to multiple gradual improvements in supportive care delivered in ETUs as staff expertise and material resources increased [2] . Based on this observation, we launched a program of research that culminated in the publication of evidence-based guidelines for the supportive care of patients with EVD [9] . To inform the development of these guidelines, we designed and executed a cross-sectional survey of key stakeholders involved in the response to the 2014-2016 West African EVD outbreak. The specific objective of the survey was to identify a short list of high-priority candidate supportive care interventions to be incorporated in the guidelines [9] . A secondary objective was to collect information on perceived barriers and facilitators to the provision of supportive care during the outbreak.
Materials and Methods

Sampling Frame
Between January and June 2016, email invitations to complete the online survey were sent to individuals identified as having been involved in the response to the 2014-2016 West African EVD outbreak. Using a non-probabilistic, purposive sampling frame (i.e., snowball), we initially identified individuals known to the research team and subsequently relied on suggestions from the first wave of participants to recruit additional respondents across the spectrum of relevant stakeholders (i.e., decision makers, physicians, nurses, age groups, sex, country of residence, governmental versus non-governmental affiliations, different periods during the outbreak). Individuals who responded to the invitation email at least once were identified as respondents. Unfortunately, given that we often lacked contact information sampling continued until the research team felt that adequate representation had been achieved. Members of the research team were not eligible to become survey participants. Sampling was not stratified.
Questionnaire Development
The survey protocol followed published recommendations for self-administered surveys of healthcare workers [10] . The research team conducted in-depth focus group sessions with content experts to identify important domains and specific issues within domains, highlighting those that were most pertinent to the provision of supportive care during an EVD outbreak. We explicitly focused on the domains of (1) the adequacy of clinical care delivered during the outbreak, (2) barriers to the provision of supportive care, (3) facilitators to the provision of supportive care, (4) potential solutions to improve care, and (5) benchmark measures of minimally acceptable supportive care. We categorized barriers, facilitators, and potential solutions as issues pertaining to supplies and technology, personnel, and organizational structure. Demographic information was entered as free text, but respondents answered all other questionnaire items using seven-category Likert scales.
Questionnaire Testing
Three members of the research team who were involved as health professionals during the 2014-2016 West African EVD outbreak tested the first version of the questionnaire and provided feedback regarding its clarity and ease of administration. Following an iterative process of item generation and reduction, we then assessed the questionnaire's clinical sensibility (i.e., whether the questionnaire specifically addressed the five domains) by administering the questionnaire to six content experts who had not been involved in its design. We revised the questionnaire based on the feedback provided. A bilingual member of the research team who was involved as a health professional during the 2014-2016 West African EVD outbreak drafted the first version of the questionnaire and translated the final version from English to French to ensure the consistency of both final versions.
Questionnaire Administration
We administered the questionnaire using web-based software (LimeSurvey, Hamburg, Germany). Once they had provided informed consent, each participant received a link to the survey via email. The English and French versions of the questionnaire are available in Supplementary 1 and 2. We sent up to two reminders by email to participants who had provided informed consent but who did not complete the questionnaire.
Statistical Analyses
Responses were summarized using proportions for categorical data and medians (interquartile ranges [IQR]) for continuous data. "Strongly disagree", "disagree", and "somewhat disagree" were collapsed to "disagree"; meanwhile, "strongly agree", "agree", and "somewhat agree" were collapsed to "agree". "Neutral" was set as a distinct category. Associations between demographic characteristics and responses and stratification by age, gender, and affiliation type could not be analyzed due to the insufficient sample size.
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Patient Involvement
Patients were not involved in either the study design or dissemination of results.
Results
Respondent Characteristics
Between January and June of 2016, 57 individuals received an invitation to participate in the survey, and 44 replied to at least one email for a response rate of 77%. Of these, 29 agreed to participate, for a participation rate of 66%. Nine provided consent, but did not complete the questionnaire, and 19 either declined the invitation or did not respond to at least one email invitation. Demographic characteristics are summarized in Table 1 . Twenty-five respondents (86%) completed the survey in English, and four (14%) completed the survey in French. The median age of respondents was 40 (IQR 34, 48), eight (28%) were women, and 11 (38%) resided in an African country, five of whom (17%) were citizens of Guinea (n = 2), Liberia (n = 1), or Sierra Leone (n = 3). Respondents indicated up to three professional affiliations (Figure 1 ), but the survey responses reflect the participants' personal views, rather than the views of their organizations. Twenty-four respondents (83%) were physicians, three were nurses (10%), and two were responsible for project management and coordination (7%). Between March 2014 and December 2015, the 23 respondents who provided clinical care treated patients in a median of three different ETUs (IQR 2, 4) for a median of 10 weeks total (IQR 8, 20) . One participant who identified as a project manager declined to answer questions pertaining to the provision of clinical care, which he considered outside his area of expertise. Figure 2 illustrates at which periods respondents were involved in the outbreak response. (68) 1 Demographic characteristics could not be verified and should be interpreted with caution. 2 Respondents could enter more than one expertise. 3 Respondents could enter more than one country. 4 Sharing of this information was not authorized.
IQR: Interquartile range 
Barriers, Facilitators, and Supportive Care Priorities
Most respondents (n = 27/29; 93%) believed that they were qualified to assess the quality of care delivered in ETUs and disagreed with the statement that care was optimal (n = 27/29; 93%). Respondents believed that the barriers with the largest impact on the provision of supportive care were (in decreasing order of importance) insufficient numbers of healthcare workers (maintenance, surveillance, laboratory professionals; n = 23/29, 79%), improper tools for the documentation of clinical data (n = 22/28, 79%), insufficient numbers of physicians and nurses (n = 22/29, 76%), insufficient material resources (drug supplies, intravenous catheters and lines; n = 22/29, 76%), suboptimal personal protective equipment (n = 20/28, 71%), limited communication between organizations (limited sharing of protocols, advice, standards of care, endorsements for intensified therapy, n = 17/28, 61%), poorly defined roles and responsibilities (n = 16/29, 55%), pressure to care for non-EVD patients in the context of a failing healthcare system (n = 13/28, 46%), and limited communication within organizations (limited sharing of protocols, advice, standards of care, and endorsements for intensified therapy, n = 12/29, 41%).
In contrast, team camaraderie (n = 25/28, 89%), fluency in the Ebola-affected country's official languages (n = 22/28, 79%), treatment protocols in place (n = 22/28, 79%), acute critical care expertise (n = 20/28, 71%), examples of treatment successes (n = 20/28, 71%), clinician autonomy (n = 15/28, 54%), and expertise in infectious diseases (n = 14/28, 50%) were perceived as facilitators. Figure 3 illustrates to what extent respondents believed individual interventions listed in the survey tool should become standards of ETU care. No respondent disagreed with statements proposing that the following 12 interventions should be systematically available to all patients treated in ETUs: 1) intravenous fluids (n agree = 28), 2) testing of serum biochemistry (n agree = 28), 3) correction of biochemical anomalies (n agree = 28), 4) methods to enable communication with relatives and friends (n agree = 28), 5) non-invasive monitoring of respiratory rate (n agree = 28); 6) temperature (n agree = 28) and 7) blood pressure (n agree = 27; n neutral = 1), 8) monitoring of urine output (n = 27), 9) early recognition of clinical deterioration and the prevention of injuries (n agree = 27; n neutral = 1), 10) intravenous antibiotics (n agree = 26; n neutral = 2), 11) monitoring of gastrointestinal fluid losses (n agree = 26; n neutral = 2), and 12) intravenous opioids for treatment of pain (n agree = 22; n neutral = 6). 
In contrast, team camaraderie (n = 25/28, 89%), fluency in the Ebola-affected country's official languages (n = 22/28, 79%), treatment protocols in place (n = 22/28, 79%), acute critical care expertise (n = 20/28, 71%), examples of treatment successes (n = 20/28, 71%), clinician autonomy (n = 15/28, 54%), and expertise in infectious diseases (n = 14/28, 50%) were perceived as facilitators. Figure 3 illustrates to what extent respondents believed individual interventions listed in the survey tool should become standards of ETU care. No respondent disagreed with statements proposing that the following 12 interventions should be systematically available to all patients treated in ETUs: (1) intravenous fluids (n agree = 28), (2) testing of serum biochemistry (n agree = 28), (3) correction of biochemical anomalies (n agree = 28), (4) methods to enable communication with relatives and friends (n agree = 28), (5) non-invasive monitoring of respiratory rate (n agree = 28); (6) temperature (n agree = 28) and (7) blood pressure (n agree = 27; n neutral = 1), (8) monitoring of urine output (n = 27), (9) early recognition of clinical deterioration and the prevention of injuries (n agree = 27; n neutral = 1), (10) intravenous antibiotics (n agree = 26; n neutral = 2), (11) monitoring of gastrointestinal fluid losses (n agree = 26; n neutral = 2), and (12) intravenous opioids for treatment of pain (n agree = 22; n neutral = 6). 
Auditing the Delivery of Care in ETUs
When asked whether organizations (governmental, intergovernmental, or non-governmental) monitored the quality of care in ETUs, 13/28 (46%) respondents agreed, 2/28 (7%) were neutral, and 13/28 (46%) disagreed. Out of 28 respondents, 14 (50%) disagreed that health workers in ETUs knew which interventions constituted benchmarks for high-quality care, 5/28 (18%) were neutral, and 9/28 (29%) agreed.
Discussion
This self-administered survey of 29 health workers involved at different levels and periods during the response to the 2014-2016 West African EVD outbreak informed the development of evidence-based guidelines for the supportive care of patients treated in ETUs. [9] A short list of highpriority interventions was created and used during subsequent phases of the guidelines' development process. Moreover, the identification of perceived barriers and facilitators affecting the provision of supportive care in ETUs constitute valuable information relevant to the application of the guidelines.
The results of this survey echo various reports describing health professionals' perceptions of the supportive care that was delivered in ETUs during the outbreak. As more individuals advocated for better supportive care measures, the provision of interventions that were perceived as high priorities by survey respondents also increased [2, 11, 12] . A qualitative analysis of semi-structured interviews conducted with each survey respondent provides further insight into the barriers and facilitators elicited by this survey [13] . For example, the fluctuating case load, perceived inhumanity of patients' suffering separate from their kin, variable diagnostic and treatment resources available at different points in the epidemic and in different ETUs, and variable clinical experience, are part of the many nuances that might help understand the challenges identified in the survey [13] .
This survey met accepted methodologic standards [10] , used purposive sampling to ensure at least the minimal representation of key relevant stakeholder groups, and the results informed clinical practice guidelines published in a high-impact journal [9] . However, we acknowledge a number of limitations. The sample size was small, which limits the generalizability of the results. We attribute the small sample size to the challenges associated with identifying potential respondents using very 
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Discussion
This self-administered survey of 29 health workers involved at different levels and periods during the response to the 2014-2016 West African EVD outbreak informed the development of evidence-based guidelines for the supportive care of patients treated in ETUs. [9] A short list of high-priority interventions was created and used during subsequent phases of the guidelines' development process. Moreover, the identification of perceived barriers and facilitators affecting the provision of supportive care in ETUs constitute valuable information relevant to the application of the guidelines.
This survey met accepted methodologic standards [10] , used purposive sampling to ensure at least the minimal representation of key relevant stakeholder groups, and the results informed clinical practice guidelines published in a high-impact journal [9] . However, we acknowledge a number of limitations. The sample size was small, which limits the generalizability of the results. We attribute the small sample size to the challenges associated with identifying potential respondents using very limited contact information and the constrained means of communicating during the outbreak. Relying on different modes of communication that are less vulnerable to electricity shortages or low-bandwidth internet access (e.g., WhatsApp) may have improved the efficiency of the research design, but this would have required access to personal telephone numbers which, in contrast to email addresses, are not typically found in the public domain. This survey's sample size is comparable to a similar survey that was completed by 44 frontline physicians and nurses, which led to the elaboration of World Health Organization (WHO) recommendations on personal protective equipment [14] . Another potential limitation is that responses were obtained mostly from World Health Organization and Doctors Without Borders (MSF) members, with only a minority from regional authorities and the Ministry of Health. The latter will have a better understanding of local healthcare issues (e.g., healthcare practices, communication strategies) and baseline resource limitations in the affected countries. As such, the identified barriers may be more reflective of perceptions of the international health and humanitarian community rather than the local healthcare community, and thus concrete measures in response to these barriers would benefit from further input from local healthcare teams. We assumed that minimal knowledge of clinical management was a mandatory requirement to discuss the provision of supportive care in ETUs. However, ultimately, the guideline panel was allowed to build upon the list of high-priority interventions identified during the survey exercise [9] , grouping certain interventions in a single recommendation, or adding more interventions as relevant. The small sample size prevented secondary analyses that might have shed light on the factors associated with specific responses (e.g., respondent gender, affiliation, geography, or speciality/expertise). However, the focus of this survey was not to explain variations in opinions between different stakeholders, but rather to identify interventions that were unanimously perceived as high priorities by all stakeholders. There was no variation in the responses pertaining to the interventions that were ultimately short-listed and shared with the guideline panel. Admittedly, quantitative surveys do not provide in-depth knowledge of the respondents' views on complex issues, which are better captured by qualitative research designs. As mentioned, understanding that a qualitative analysis would enhance future guideline panel discussions, we also conducted a complementary qualitative study [13] .
Conclusions
In this survey of health professionals involved in the international response to the 2014-2016 EVD outbreak, there was consensus on several supportive care interventions that should become standard practice across all ETUs and could become benchmarks for quality of care in the future. 
